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We update the Big Bang Nucleosynthesis (BBN) calculations on the basis of the re-
cent NACRE compilation of reaction rates. We estimate the uncertainties related to the
nuclear reaction rates on the abundances of D, 3He, 4He, 6Li, 7Li, 9Be, 10B and 11B
of cosmological and astrophysical interest. We use lithium as the main indicator of the
baryon density of the Universe, rather than deuterium.
1. Introduction
Recently, the new NACRE compilation of thermonuclear rates[1] has been published
and observations of light isotopes have flourished. It is thus timely to reassess the de-
termination of the baryonic density of the Universe in the light of advances in nuclear
physics and astronomical observations. To calculate primordial abundances up to B, the
BBN network is constituted by about 60 reactions[2] out of which, 22 are included in
the NACRE compilation. The main improvements with respect to former compilations
concern a better traceability to the source of nuclear data and the availability of upper
and lower rate limits. The primordial abundances of the light elements D, 3,4He and 7Li
are governed by the expansion rate of the Universe and the cooling it induces. Under the
classical assumptions, these abundances depend only on the baryon to photon ratio η,
related to the baryonic parameter by η10 = 273.ΩB.h
2 with h = H/100 km/s.Mpc.
2. Discussion
D/H is measured in three astrophysical and/or cosmological sites : local interstellar
medium : 0.5 to 2. 10−5 [3,4], protosolar nebula : 3.±0.3 10−5 [5], absorbing clouds on the
sightlines of quasars : 3. to 4. 10−5, [6] and 0.8 to 3. 10−4 [7]. The primordial abundance
of 4He, Yp is measured in low metallicity extragalactic HII regions and in HII regions in
the Small Magellanic Cloud. Two ranges emerge: Yp = 0.238 ± 0.004 [8,9] and Yp = 0.245
± 0.004 [10]. Determination of Li in halo stars[11–13] indicate that the Spite plateau is
exceptionally thin (< 0.05 dex). We adopt the following range: 1.5 10−10 < 7Li/H < 2.2
10−10, taking into account a maximum destruction of 0.1 dex. The 6Li abundance has also
been determined in two halo stars[14–16]. We confirm that BBN calculated abundances
of 9Be, 10B and 11B are negligible with respect the measured ones in the more metal
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Figure 1. Theoretical primordial abundances of 4He (by mass), D, 3He and 7Li (by
number) vs the baryon/photon ratio, η, using the reaction rates from the NACRE compi-
lation[1]. Solid lines: using recommended values of the reaction rates. Dashed lines: using
high or low values of the reaction rates[2] with possible error compensation. Dash-dotted
lines: most extreme results following all combination of high and low rates. Horizontal
lines indicate the error bands related to different observations.
poor stars. The uncertainty on the D(α, γ)6Li rate, and hence on of 6Li production, is
high. At the upper limit, it could lead to a primordial 6Li abundance within reach of
future observations, to be used as a new cosmological constraint. Anyway, the bulk of the
abundances of these elements can be explained in term of spallation of fast carbon and
oxygen in the early Galaxy[17]. Considering 7Li observational constraints (see Fig. 1),
in the most favorable case where errors compensate[2] two possible ranges emerge: i)
1.5 < η10 < 1.9 corresponding to 0.013 < ΩB < 0.019 (h100 = 0.65) in good concordance
with the error boxes related to the observed high D and low 4He ii) 3.3 < η10 < 5.1
corresponding to 0.029 < ΩB < 0.045 in fair agreement with a low D/H and a high
4He.
In the most pessimistic case, where errors are maximized (considering all combinations
of high and low NACRE rates, see Fig. 1) the η10 ranges are wider (1.2 to 2) and (3 to
5.1). Comparing the baryonic density to that of luminous matter (0.002 < ΩL < 0.004
[18]) in the Universe shows the necessity of baryonic dark matter. The observations of
the Lyman alpha forest clouds between the redshifts 0 and 5, lead t
3ΩB = 0.03 ± 0.01, taking into account the uncertainty related to ionized hydrogen[19].
This value is thought to reflect the bulk of the baryons at large scale.
3. Conclusion
Big bang nucleosynthesis deserves permanent care since it gives access to the baryon
density which is a key cosmological parameter. This work has been aimed at integrating
the last development in both fields of nuclear physics and observational abundance deter-
mination of light elements. The update of the reaction rates of the BBN using the NACRE
compilation has been made. 6Li is affected by the large uncertainty of the D(α, γ)6Li
reaction. A refined measurement of this reaction is of great cosmological interest. Owing
to the high observational reliability of the halo star 7Li abundance data with respect to
the D data available which are both rare and debated, we choose it as the leading bary-
ometer. Due to the valley shape of the Li curve, we get two possible η ranges which are
consistent respectively with a high D and low 4He observed values and with a low D and
high 4He observed values. At present, none of these solutions can be excluded.
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